An observational study was conducted to quantlfy the effects of management practices on reproductive performance and disorders of beef cows. The study population consisted of 44 randomly selected Colorado cow-calf herds monitored for disease and reproductive events as part of the National Animal Health Monitoring System. The managers of the herds were surveyed with a standardized questionnaire to determine specific management characteristics of their operations. Data were analyzed using the random-effects multiple logistic regression model. Outcomes of interest were calving rate, herd incidence rates of dystocia and combined reproductive disorders, and calf mortality rate. A higher calving rate was associated (P < .01) with a decreased percentage of replacement females in the herd, a shorter breeding season, a smaller herd size, and a lower percentage of bulls being used as yearlings. Incidence rates of both dystocia and combined reproductive disorders were found to be lower (P -= .01) in herds that were fed cottonseed cake as a winter supplement, but higher (P < .01) in herds that were fed grass hay as a winter supplement. Herds located in the mountains of Colorado had lower (P < .01) incidence rates of dystocia and reproductive disorders than herds located in the eastern plains. Calf mortality rate was found to be higher (P < .05) with calving seasons that began earlier in the year. Higher calf mortality rates were associated (P< .OS) with an increased incidence of dystocia, the commingling of cattle on summer range, and smaller herd size.
economic efficiency by increasing the cost per unit of production. In addition, the occurrence of reproductive disorders can cost the producer time and expense for veterinary treatment, reduce future performance, and cause death of the cow and(or) the calf. Management practices often are implemented by cow-calf producers in an attempt to improve reproductive performance and reduce the incidence of reproductive disorders @ziuk and Bellows, 1983) . Therefore, a complete understanding of the relationships between management and reproduction is essential in order to provide producers with information that can be used to improve the economic efficiency of their operations through the control of reproduction.
The objectives of this study are to identify the levels of utilization of specific management practices in a random sample of Colorado beef herds, and to quantify the relationship between management and reproduction in those herds using appropriate epidemiologic methods. By quantifying these relationships, herd management factors may be identified that increase or reduce risk of reproductive disorders. In addition, management factors that can be changed in herds with poor reproductive performance might be identified.
Materials and Methods

Data
The study population consisted of 44
Colorado cow-calf herds. These herds participated in the National Animal Health Monitoring System (NAHMS; King, 1985) from October, 1, 1987 through September 30, 1988. The NAHMS program is a cooperative statefederal-industry project that monitors selected food animal operations for disease events and their associated costs for a 1-yr period. These herds were selected for voluntary participation in the NAHMS project by the Colorado Agricultural Statistics Service by a stratifiedprobability sampling method (Levy and Lemeshow, 1980) . Sampling was stratified on herd size using the following strata: 10 to 199, 200 to 499,500 to 1,OOO, and >l,OOO total beef animals utilized for breeding purposes.
All outcomes of interest were obtained from the NAHMS data. The producers participating in NAHMS were asked to record each occurrence of disease and reproductive events in their herds. This information was collected from the producers on a monthly basis by state or federal veterinary medical officers. Each event was reported on standardized forms as assessed by the producer or by the herd veterinarian. The reproductive events of interest to this study were number of live births, cases of dystocia, total cases of all reproductive disorders, and calf mortality. A live birth was defined as any calf born alive, regardless of how long it survived beyond that point. Dystocia included any birth that was assisted by the producer or a veterinarian. The combined reproductive disorders included all female disorders related to calving @e., abortion, dystocia, retained fetal membranes, stillbirth, uterine prolapse or obturator paralysis). Calf mortality included both perinatal and posmatal deaths other than accidental deaths due to such factors as injury or lightning. Although it would be preferable to analyze perinatal and postnatal deaths separately, the NAHMS data did not make a clear distinction between these two events.
For analysis, each reproductive event was expressed as a herd proportion (i.e., the number of animals with the event divided by the number of animals at risk of the event). Therefore, the following outcomes were calculated for each herd net calving rate (live birthdfemales exposed), incidence rate of dystocia (cases of dystociahotal births), incidence rate of combined reproductive disorders (cases of reproductive disorders/total births), and calf mortality rate (calf deaths/total births).
The herd management risk factors were obtained with the use of a standardized questionnaire. This questionnaire was designed to determine the level of utilization of specific management practices by each operation. Administration of the questionnaire was accomplished by the senior author during a personal interview with each participating producer. The management variables are measures of stated herd policy because they apply generally to the animals in the herd; it cannot be assumed that the policy was applied to each individual animal in the herd. Management data were collected concerning the 1987-1988 production year, to coincide with the time period for which NAHMS data were collected. Twenty-five herd-level management variables were developed from the questionnaire data for analysis of their relationships with the reproductive outcomes.
Statistical Analysis
Descriptive Statistics. All descriptive statistics were generated with the Statistical Analysis System (PROC FREQ and U N I V A I U A m SAS, 1986).
Modeling Herd Proportions with Logistic Regression. The reproductive outcomes measured for this study are all herd proportions or "rates." Rates are continuous data, but, because they are bounded by 0 and 1, they have binomial error; therefore, the appropriate statistical procedure was logistic regression (Kleinbaum et al., 1982) . Logistic regression can be used to model herd rates as binomial proportions, in which the binomial numerator is the number of events, and the binomial denominator is the number of animals at risk of the event. The resulting measure of association between the factor and the outcome, an odds ratio (OR), is obtained by exponentiating the regression coefficient (Beta p], i.e., OR = 9; Kleinbaum et al., 1982) .
Ordinary logistic regression requires the assumption that herds are homogenous with respect to the probability of the outcome, or that there is no "herd effect" (Mauritsen, 1984 , Curtis et al., 1990 . However, individuals within a herd are more similar with regard to genetics, environment, management and other traits than are animals in different herds. This can result in heterogeneity between herds with respect to the probability of the outcome, which in turn can result in a heavier-tailed distribution than would be true under the assumption of binomial error. As a result, the variance estimates of the parameters in the model (SE(B)s) may be underestimated (Mauritsen, 1984) . This is a problem because it will enlarge the Z-statistics (testing b : B = 0), which may result in unwarranted declaration of significance.
This problem is overcome by including a random effect term in the logistic regression model (logistic-normal regression; Mauritsen, 1984) . This random effect term accounts for the heterogeneity between herds with respect to the probability of the outcome. This heterogeneity, which causes the variance of the herd rate to be larger than binomial, is hown as "extra-binomial variation." Randomeffects logistic regression will model the extrabinomial variation between herds (Pierce and Sands, 1975) . If extra-binomial variation is present, the regression coefficients will be similar using either ordinary or random-effects logistic regression, but the standard errors will be larger using the randomeffects model (Curtis et al., 1990) .
Herd Management Risk Factor Models. The model-building process used for this analysis involved several steps. Management variables were subjected to an initial bivariate screening that involved the independent evaluation of each variable for its crude effect on the outcome using ordinary logistic regression procedures. Variables found to be associated (P c -10) with the outcome at the initial screening were considered for further multivariable modeling. Ordinary logistic regression models were next constructed for each outcome using a stepwise algorithm that assesses multicolinearity and interaction at each step of the algorithm. Criteria to enter or leave the model was set at P = .05. After the final fixedeffects logistic regression model as identified, the random-effects term was added to the model to account for extra-binomial variation between the herds. Management variables that became non-significant in the presence of extra-binomial variation were removed, and the model was re-fit with the remaining variables. At this point the modelbuilding process was complete, and our final random-effects model had been reached. To assess how well the model fit the data, the subjective comparison between the scaled deviance (G) and the degrees of freedom (df) of the model was calculated. If G/df was close to or greater than 1, then the model was said to fit the data well (Breslow and Day, 1980) . All ordinary and random-effects multiple logistic regression models were fit using the Epidemiologic, Graphics, Estimation, and Testing computing package (EGRET; SERC, 1987). Results 
and Dlscussion
Descriptive Statistics
The mean, median and range of herd proportions for each of the reproductive outcomes are presented in Table 1 . Differences between the means and medians, as well as histograms of the herd proportions, indicate that their distributions all were skewed.
The distributions of categorical herd management variables among the study herds is summarized in Table 2 . The mean, median and range of continuous herd management variables are presented in Table 3 .
Herd Management Risk Factor Models
The final herd management risk factor models are presented in Table 4 . The assessments of goodness of fit indicate that the models are questionable regarding how well they fit the data. This low goodness of fit implies that the usefulness of the models as prediction models may be limited. However, the subjective poor fit also may be a function of the small sample size (n = 44) in this study. The extra-binomial variation term was highly significant (P < .001) for all models, indicating Because the odds ratios are all less than 1, an increase in each of these management variables was associated with a reduced calving rate.
There are many biological reasons for reduced calving rates in yearling heifers (Dzuik and Bellows, 1983) . However, further investigation of the data suggests that the observed association of higher female replacement percentage with lower calving rates is a result of the increased culling that can be expected to accompany the retention of a large number of replacements. Producers will often retain a large number of replacement females when they intend to cull many older females from the herd following the breeding season. Producers may also expose more yearling females to breeding than they actually intend to calve out, a practice commonly used to ensure that an adequate number of heifers are pregnant following the breeding season. Whenever females exposed to breeding are culled prior to calving, regardless of pregnancy status, measures of reproductive performance such as calving rate are reduced, although in reality true reproductive performance is not affected.
Long breeding seasons have been shown to perpetuate poor reproductive performance in beef cattle (Wiltbank, 1970; Short et al.. 1990) . Females that conceive late in an extended breeding season will calve late in the calving season. As a result, those females may not begin cycling until late in the following breeding season, thus reducing their chances of becoming pregnant (Wiltbank and Spitzer, 1978) . The association of longer breeding seasons with reduced calving rates is in agreement with the results of Rogers et al. (1985) , who reported that breeding seasons of less than 90 d were associated with higher calving rates. The effects of a long breeding season could be overcome by culling late-bred females following the breeding seasons. However, few producers seem willing to cull pregnant females, regardless of how late they will calve in the subsequent calving season. A shorter breeding season may simplify pregnancy detection and culling efficiency.
The association of herd size with calving rate may be related to management and the availability of resources. Labor, feed, preventive health and disease treatment resources are more difficult to allocate properly in large herds, the result of which may be reduced calving rates. Also, bulls or females with reproductive problems may be more easily overlooked in large herds; therefore, they remain in the herd when they should be culled.
Calving rate was found to be lower as the percentage of yearling bulls increased. This association may be the result of producers expecting their yearling bulls to service too many cows. Also, if yearling bulls are placed in pastures with older bulls with whom they are unfamiliar, the older, more dominant bulls may not allow the younger bulls to breed cows, even when the older bull is not able to breed them himself (Chenoweth, 1980 (Chenoweth, , 1986 .
Dystocia. The feeding of cottonseed cake as a winter supplement was associated with a lower incidence of dystocia (OR = .23). In contrast, feeding grass hay as a winter supplement was associated with a higher incidence of dystocia (OR = 2.0). Perhaps these associations are related to the nutritional status of the herds. The herds fed grass hay may have been on a lower plane of nutrition and losing body h e -i e of weaning condition as they approached parturition. In of nutrition may have an effect on the contrast, the herds fed cottonseed cake may occurrence of dystocia. This interpretation is have been on a higher plane of nutrition and not supported by the published research; maintaining or gaining body condition as they commonly, the association between late gestaapproached calving. Hence, late gestation level tion level of nutrition and dystocia has been nil (Laster, 1974; Bellows and Short, 1978; Kroker and Cummins, 1979) . However, studies have tended to be small and least squares statistical procedures were used to evaluate the results. Least squares procedures have low statistical power for detecting a categorical outcome such as the occurrence of dystocia. As a result, these studies do not obviate the association between late gestation level of nutrition and dystocia. Herds located in the mountains and western slope areas of Colorado had a lower incidence of dystocia than those herds located in the eastern plains (OR = .73). Although the area of the state in which the hem is located cannot be considered a true mani1;ement variable, it undoubtedly accounts for some inherent differences in management betvzen the two areas. Combined Reproductive Disorders. The feeding of grass hay as a winter supplement was associated with an increased rate of reproductive disorders (OR = 2.5), whereas the feeding of cottonseed cake was associated with a reduced rate (OR = .33). Because dystocia contributed a large number of cases to the combined reproductive disorders outcome, these associations likely are the result of the relationship between the feeding of grass hay and cottonseed cake and the incidence of dystocia discussed previously.
Herds located in the mountains and western slope areas of Colorado had a lower incidence of reproductive disorders than those herds located in the eastern plains (OR = 53). Once again, this association likely is the result of the association between herd location and dystocia.
Calf Mortality Rate. The month that the 1987 breeding season began, as an indicator of the start of the 1988 calving season, was significantly associated with calf mortality. Herds that began their breeding season in May (OR = .65), June (OR = .70) or July (OR = .26) all had lower calf mortality rates than those herds that began their breeding season in April (OR = 1.0); the difference between April and June, however, was not significant (P = .13). These associations likely are the result of adverse weather conditions during the calving season. Times of extreme cold weather and wet spring storms can increase calf mortality (Olson et al., 1980) . In addition, during times of intense calving, labor may not be available for proper surveillance of the herd, resulting in more calf deaths. Periods of bad weather and labor shortage will vary from year to year; therefore, the associations of beginning of the calving season and calf mortality also will vary from year to year.
Herd incidence rate of dystocia was associated with calf mortality rate in these herds (OR = 1.6). Dystocia has been shown to be a major cause of perinatal calf mortality (Bellows et al., 1987) .
Herds that commingled cattle on summer range had higher calf mortality rates than herds that did not commingle their cattle (OR = 1.8). Calves in herds that were commingled likely 2.6 9 5 % CI(0R) = ninety-five percent confidence intend of the odds ratio, G = scaled deviance, df = degrees of freedom. %or continuous variables, the odds ratio is the multiplicative change in the outcome for each one-unit increase in the 'For categorical variables, the odds ratio is for each exposure group vs. the unexposed group, with unexposed group OR = d* = P < .OS, ** = P < .01 as assessed using Wdd's test.
Variables that are proportions were transformed prior to analysis using the formula lo&(] + variable).
variable.
1.0.
were exposed to new disease organisms to which they had little or no resistance, resulting in higher mortality rates. In addition, herds that were commingled were all on summer range, so the cattle were not easily accessible to the producer. Therefore, those producers were less likely to see and treat disease in their calves; this may have resulted in higher mortality rates.
An increased herd size was associated with lower calf mortality (OR = .49). This association may be due to decreased ability of managers to observe cows near calving as often with large herds as with smaller herds.
This could result in neonatal calf mortality that is not observed, and therefore is not reported, in the larger herds, resulting in lower calf mortality rates. If neonatal calf mortality is less likely to be observed in the larger herds, those females that lost young calves may never be reported as having had a live birth, resulting in lower calving rates, as well as lower calf mortality rates. This conclusion would be supported by the association of larger herd size with lower calving rates discussed earlier.
lmpllcations Associations observed in this study do not necessarily imply causality, because all confounding effects cannot be considered in an epidemiological study. However, results can serve as a reference for beef producers attempting to improve the reproductive performance in their herds. Observational research can be used to detect the relationships between management and reproduction in beef cowcalf herds. Because this approach has rarely been used in beef cattle research, it may provide new insight into the effective management of beef cattle reproduction. 
